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(57) [gift] 

NRJM A#£IKH£ft#U ^H*«ftH3^h 
'>fc<<h*>3g®l ate, OymfiU:© 




( 2 

1 

[»#g?i] nsfrrmmsm k«jb a n a ies * & a 
taBa&s*m« 5 t ft o , 

m<omffifr£>f*iffi\Z\,*<\zLft&-DTM'J>VT\,>ZZ.t 

r. Cr^, Zr, Zr^, Hf, Hf^, V, 
Nb. Nb&i, Tafei^Ta^fflgtt 

«t t) fts»a*5a«n&4>ft < 1 t> i n-cs-s c t 

[s»*g6] *Jf2^M^b^«. T i ©gfcfe-e* 30 
0> d^Wl|g«g|Stt, MIST i OltttbTT i N 
*5J:tfT i , NCD'>& <■>;*> lSfc^tr ct 

CIS^7] itUG&MgffcWS, C r <D&{t®1?3!> 
0> *^Mf2«SI@«, Mmc r ©StttbTC r 
N, Cr.N. CrN.^WCr (N, ) , £ K) ft«.pd^ 
SS«ftS'>ft<,ifcl;fI£^fr£££#jg£-r-3. |f 

&m 3 * « 4 »dtam©-k a ^ . 

[if ^ig 8 ] S9IB^M#^«, Sg 1 ©&J?|£3-3k 

t&ffi&l©&JR£Sft5Sg2©&JR 40 

«±Kift«3n&imEis 2 shirrs c t c £ d 

10] flME&flttmtt, Fe, Fe^, N 
iv Ni^ ( Cr, Cr^, Cu, Cu^, A 50 
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2 

~ 9 ©u-rn^ i mizw,me>-k/ii<>-?. 

[0 0 0 1] 

[%n<z>jr*-«&fif&»] *%wft. w«?tfeffl-feAix 
mm (pefc) »r^ffl-r^-fe/tu-^fej;i;-5-©fiia 

[0 0 0 2] 

pft-tr^ift&W-r-g). ir;n ok^ht, mftTMffi 

i2^«kcXiEa mmm) i3&mi*>n. 2*>\z*n 
•s. -fe/ti^-^i 4*>«fctfi 5«. ^-n-^n. *ifi{ft*& 

r-s. fcm%7>is£?mmX7>ft, -^n-^nn^s&isa 
a *^bxiiKi 6*>.j;tf i 7izm&n. 

■**n?nft«i 2*jj;rjciEgi 3i:ij&sns. M.mw 

H,-2H'+2e- 
l/20,+2H' + 2 e — H.O 
H,+ l/20,-H,0 

ft. jEmw\z&\,*Tmm\zm2ftz>fr#>. wmmzm 
v^ct) . (^xosiii^ii:) > mitt, gaae, 

•5. 

[0 0 0 3] ft*. 0*iS»f»»iMt/tl/-^ 

®mi!Qj:\z£r)Mf&.t<tiz>-fci!>. ^-coftiiS 
[0004] inf©inisn&4iwnj, unx 
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[0 0 0 5] 

[5&mi>m&i\s&o t-r&sgm #fS9i©io©g6<j 

■5. 

(1) &fttem&1i. 

(2) ttJBOH, «SWtt©SBfl3*«^v>. io 

(3) A0Utax.1t. 

(4) 

(5) m**mmuL*x&&&ttmMSu 

[0 0 0 6] 

mmmizmm ts nzm®. g & (aim icBtftaj * & turn 

tfffertl/-^tt. &J»tmj&>S&-5. ncD-fe/tiz-^K: 

1 0tfm«±©^^ft«m*^rr«gt^jR» 20 

[0007] *»HfcJ:*-fe/x^— ^fcfevvr, 1 0 it 
[0008] *i»hicj:o. ss^wssisuca 

^fciSHT, ^ 

[0 0 0 9] 2f£^(^ts-fe/tP-^lc^VVT> 

[0 0 10] *»ifcJ;5tAl/- ^fc:43V>T, &Jg& 
Ti, Ti Cr, Cr Zr, Zr 



Hf, H f- 



Nb, Nb^ 



&< tt> mt-rfcctatT?**. 40 

[0 0 11] afc^lCJcS-feAP—^IC^^T, &JK*f 
WWU Fe, F e Ni, Ni Cr, C r 

^> Cu. Cu^, Al, Al^, TiMtfTi 

[0 0 1 2] »*bV>— 3®«fl|lC*V»T. &JR&fc4fe 
tt, T i ©SflsttT*?) , frOfiUMHU T i ©gflsife 

*>5-^©S?*UV>S8*iiK*5V>T, &JS&fl;4&tt, Cr 
<Dmk®-V$>K). ^o«»B«, Cr©ftttUC 50 



rN, Cr.N, CrN,*WCr (N, ) , J: 0 ftsp 

[0013] *»wfcj:D. mi<o 

&JRgfl24&tt, Sgl ©&JS,fcSfc-5fi2© 

£ ftfc JB 2 ©^JSSSYbr* tiK^OJ&J&Sn 
&%>©Tr***/tP-^«a#r*;:i*t-e#*. t© 

#0|fS2©&Mte, Ti, Ti^, c r43«kaccr-g■ 
&«l:9fcs»a>5jB^#n&^^&< t*> lat-r-scta* 

[0 0 14] 

[&91©*ifi©f§5»] *^^Jr±s-fe/tl^-^«, 
IfSti*«l?f, b#>*>, nx h©^{c^#-T5. 

S**l 0 Mm«±©^lSftffl«64}gj«$-a-«. £CDj;5 

fc&Sfc-fc/'tW-^CfefcSU SJ5!©iI* 
tf-f ^^*^5S«5TT?©*g|^m*©ffifflK*ViTW* 
**tt©«T**«J^L&ns. —2r, ^A^lQn 

V>. ¥^fiWlO)tinKi©ailt -fe/fW-^ 
»W-Tt>J:v»U BKftKlflBNMt^. ^©.fcSfciiai® 

[0 0 15] ^fgfJK.fcSir/^-^K^T, ¥^«r 

WSaWl 0 /zm«±©^Sa«tt, £ 
tt^A©ftlXft> SK^S©S6^ (MM#SJE) cd»1/ 
3~l/2SS©S^T?in^-r-5ti:lCiD, 
**T^«.. -5-©«k5^:J0fUti;t), lmx»c*^-Sffltt^ 

co, Jaxs)ia*«ff«rft»i«jc«€r«itos. 

v^t, w*tt*#-r*jai»©»suv^*&is**as©« 

Htt, 1 0 Mm~ 1 0 0 ymT?*0, «k0»*bV^H 

[0 0 16] ifc, *»Wfc*V>T. ¥^*gft«TS*t i 
0 tf m£t±©^Sfii«©^H*^S^{b<f8&^-trfiiaJB 

«ffl©W©«^,ffitri©±#$^i 
t©ffi^B«, ^M©^ft;5Q.a, 
v»tt, 7.i\y9V>9s CVD«©3IMMi!|cj:oT»j« 



5 

Nigs) n&mm<D$iwfrt>fHmz^<izi,?tw-DTm 
jg^itvowsmtitcimmt* &ffifr*>fHw\z\,*< tru 

CO 0 1 7] 02KI, *55^^J:-5-fe/t^-^o»r®^ 

SS5*WT^-fe^P— 9 1«, &J&*m^Sft5„ £© 
&^*m©£#3;&tt<i>ft < t fcfiSS 5 &^J5g-r-S^M 
ffifrl ate, ¥^»ftStS*tl 0 wm«±«D#i(gaffl. 

[0 0 18] 0311, *^»C<k^-feAl^-^©»f®« 

«mM2 itt, ^s^bi»*±^fr*«as2 2t 

SfcnTViS. #Sjl2 2fc:fcVvr, NSfctegfcigJ© 
■g-fiSfctejg^te, 04 (a) ir^-r«fc5»ceiSg6<|ICi5S 
4>LTfc<fcV>U 04 (b) \Z5k-t£.5\zmUmz an 

«^b^©^a*fe«5g^«, ia4 (c) \ZTx-r£5\z 

SSS^rSUCMLTiafS— St?feJ;Vi„ 04 (c) ©*§ 
te, ^«O»S^«c**S[-fbSnT*0, — rtSBTteg 

ft*t^«o*a-e-»»HAt}g«sn, #sji2 2 <t&jg 
fcteflsagste. rt8gicvi< icbfc*<t3Tiiira-r-5. 

[0 0 19] «®^2 2lC#*n-5^@i:^M#i|sf@ 
2 1 lr#*ns^at«, HUTtiHU S)4t)T 

•5. &<fc;tte\ JHjSLfc&«*m± 

\zm<D&m&i&mv, mmt<nft&mzmfr?%z\t\z 

J; 9, SSJl^Sdidt-r^r^. i^m©Jl-a-fc, & 

mtmnte, jpi^igft^Ati 0 ^mi^± <om.m 

4 OtC^Wr, &JR#&JI4 lte, T i d^fc-S. &m 
il42te, T i ©Iffl (TiN, Ti.N) 

^©3?®teT i ©gffc4!3» #(CT i N-C£J£>£>n 
t*J«Bte, T i OStttT i <>:©*t£-#T<& 

0, N^-fite, i»j»l:n<l:l/&^t«^t5. -feA 
p-^4 0 ©*HW3.ktf«Btett, -?-ti^n^!|Eft5«tat 
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$teaj©fci6©i§B&4 5 a&£Z*4 5 b;WBM&$ft-CV> 
M#*<gfc-50!l£0 6i;:^-r. 0 6 K^T-feZX^— 
*5 0l:U3V>T, M»fii5 1lt T^5-^A*fc 
teX-x-^XiS^Sfc-S. MI5 2I1 TiCiM 
(TiN, Ti.N) SftHCrOM (CrN, C 
r,N. CrN,, Cr (N.) ,) %£.!$.ft£L. 

fcteC r £©$£■#!?<&»?, J*lB\Z^<\ZV 
fcAbTM'>t5. -k/tP-— ^5 0 (D&ffi#£ZfMMlZ 
0 te, ^n^n^»*«t tf&ft#iJ©&ie>©®gS5 5 a£«fc 
5 5 bjWWfc3*lTV>*. 
[0 0 2 0] 2f£^IC«fcS-k/t^-^Jc^ViT, 
&M#!|smte, lSW&Mimtf'S.&oT'fe.fc^U 2 

T, Sgl©&JH#**6 1 a±»£|»2©&Jg*m6 1 b*>* 

Xf>PXH*fcllAl tU S&2©&JS#!&£T i £ 

0 -fs £©£5fc«iSi:::fev>T, 4>ft<<>: 
feSB 2 ©&Ktmte, AttSftt 10/i mJ^±©^ 

[0 0 2 1] *%eg»CJ;^-fe/'ip-^Jc*V»T, ^JS«- 
lO-'Q - cm«T©mfUftfci<£Wf -5C<h;W(f 
*b<. 10-'Q- cm^WitljffSLV^ ^#!f^ 
«, tiAH, Fe, Fe^, Ni, Ni^, C 
r. Cr^, Cu, Cu^, Al, Al^, Ti 

\s-?&Mi&-rz>&mttmomM*> o. 2~2. om 

) minii;)^, »*L<«, 0. 5~1. 0mm 

(i, Ti, Ti^, Cr, Crfi^, Zr, Zr^ 
^, Hf, H f V, V-&^, Nb, NbM, T 
a ^ititT a J; 0 tz2>mfr ZM&Z. 
^•5. «rfc, *«ata©j£V^fb^»*b<, 10~ 
1 0 0 0X 1 0-' ©S^ffitaSrWr-S^b^JfSL 

< , i o ~ 5 o o x i o- ■ ©m^»ta£;frr-5gft;*W* 

©S^S. T i ©^-fb# (T i N©®m&Sa(i2 2~ 

1 1 3 OX 1 0-') ^«ttXC romm (C r©S«jftSt 

1164 0X1 0-) *t«ko»*LVi. ttfcttedttfMi 

@©/P*-«, 3~5 0 0 Mmt-T'5Ci:d*T?^, ifSb 
<«, 5~5 0Hmit5^i:*si?f5. 
[0 0.2 2] EEMfini^© 

sutjoxtcj: r>mMtem&\z-2tiit&mtt , &&mm&*. 

^bSUSfc«^©ftife©aK<&^-tr®^^tt*^M# 
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[0 0 2 3] *&fmz±r)&®m&&Tz-trtu 

-fit. td:Z.& 08 (a) ~8 (c) lZm-t£5fe 

j}mz±*)Mj&'rz>z.tw'T;g2>. s-r, ms ( a > \z 
!&staSCTft&£^^©ffi©jEM* 

^S©*0£$g5®ftBI£|5fc5fe-r5. &IC08 (b) 1 
^t&Sfc&tf SJDgSXlIKl^T, WSttAttSftt 1 

•5. X^Xvgflssrtrtt, o. i~ioto 

r r <D&mm&%xmmfs.T-v> @#&mm. mm® 2 

fj^imifl. mmzmmzn, mmm\zismh, mm 

N, : NH, : CO,= 
1:1:0. 07©M«)4ffifflU i&Si&Ara, fc<h 
5 0 0~1 0 0 0*CT?*-5. g<(fcJ!l31©j!g;&> & 
SIS 7 1 ©^©dt^b^tl, 0 8 (c) ic^-r £ 5 tc, 

(a) ~ (d) \Zm-r£?tnljmzJ:r)U&.VT'h£ 
V>. ST, 0 9 (a) IC^f =fc 5 SSi^iSfc&JSI 
*8 1«JBJjrr*. ^Vv?, 0 9 (b) lC5fc-ri:3l£, 
^S«8 l_hK:&JgJi8 COIgtt, ^ 

7?K, PVD, CVD, ^Ue>o£^©JC>o€r 

^:t*»cJ;0fT?5:pCi:^-t*^ 5 „ T i I$Mt5i 
-8\ ^77 I s , PVD, CVD*«jf*b<, Cr 

n&jE^-r3«£\ ^7^k, mm, pvd, cvd, 

&Sfc&i;T¥»fl;*fT&o&«, 0 9 (c) JC^-TJ: 
Sir, »8 5^t*©^7S^ttSWr^i;3^M«8 1 

n&s-r-s. ^cvi-c. ^•fbiaasff^vi, 09 u) \z 

•5. Z.O£5\z, &!%m*:&ik?Z>Z.t\ZJ:K), SkftU 50 
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vitmmm\ztmzmmj:m\zi$\,*T. &mm\zYi$ 

f*A»S**l 0/im«±«SMffimifi&^-rscii:*t 

[0 02 5] *36l8K<fc*l«, 0. 2-2. 0 mm, # 
*L<teO. 5~1. OmmcDift^#f -StfclSEWSVi 
t/^-?*giTf5. *%?giCcktl«. 1 0 

0 ~ 5 0 0 c m* omm. l/<U2 0 0~3 0 0c 
m' ©®a£*rr5-feA U—^ £itf V> jDX*S&T?Jf #1? 

£3. ;i©j:3&-fc/tp— 4 o o«cgj£©-tr;|/* 

[0 0 2 6] 

[§wai smsm 

JEMJOXbfcJ?^.lmm©SUS 3 0 4S£ 1 5 0mm 
X 1 5 OmmO-iMXKttttU XP-XiDXK: J: 0 »o 
ttfcfr&ofc. :#cvvz?> traxsnztsusSfc i 0 8 0 
"cwia^-ei^i^SQ.Sb^, 

ifSft«£S**affi(CJ:»5»Hibrc«i:^5 3 0 umT?$>r> 

[0027] mmm2 

BMtQUVftMZt-O. 5mmOSUS4 3 0ffi (Fe- 

1 8 MSk% C r $150 mm X 1 5 0 mmCf-f 
XtC^OmU X^XjDXtJ;D7»-3W*fT^:o«:. 

T?» -^©^®»CS^J&o#C«t D 5 0 itm<Dm&<DC r 
^Sr^Lfc. ^DAJ6o^»C»S, lSOg/lCDil* 

fa^, 2. Og/ioiS, *$«fc^i. 5g/ico 

ffiS^^aA<£-g-wb> 13. 5©ik— ^ita^wr 5 j& 
»t, 5o t c©iag, i o a/ dm* <Dmm&&-zmm.t?> 

o€?4fr?kofe. -t©^ Cr&o^bfcSUS430 
S^^Ybbfe. ^fbjaatftt, 1 To r rO&mM'&l? 

x#b^tt?, *p#:*^s, suss^iiatu mm 
mz3 o ov<om.mmEt&(pijai.r£. zwmm*. su 
ss«. 6 o o-cjcio^^n, mmm&xxtVT 

N, : NH, : CO,= l : 1 : 0. 0 7 <D®.fmiififcm 

[0 02 8] JJcV^-r, SUSS41 0mm^©-y-'f XtC 

©NJggg©^<£EPMA (l^f.D>/D-^v-f 
^D7tU->X) SBIt«tt)a!|Sbfe„ -e©^, 01 
0JC^f«fc'5tC, N©JgS{4^®tcu<«i:iS5<, rtSB 
»CVKI'bfc*toTN^«Mi!>b, *f>2 0«m«if© 

m^m&\zi$c rN*^<^ta$n, c r , 

fc, Crtti5ViSUS4 3 0©SBiJ-*5J;a:Cr©8B^ 
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mTfcofc. 

[0 0 2 9] nMM3 
fflgiOXLfc/¥#-l. 0mm©SUS310Sfi$15 
Ommx l 5 0mm©1M XKSJHiU -^©SHKigSt 
lC«k D 1 0 0 u.m<Dm&(DT i &M& : Mf$.Vft. 

Wmn&ftfc-Dfc. -e©&. N, : NH, : CO, = 1 : 
1:0. 0 7©M*tt5HigTT, Ti«ig3ft 
fcSUSM9 7 3KT5^raJOl?ftbT, ^Hfcg-ffcdR 10 
-fe/ll'- HJfifi»I2i:^{CEPM 

5 0 um<DmZ-ZN&m£fftELf£<t3iZ>Z.tWftfr-o 

«, Ti.N^ttj^nfe. @i nz^-r^v\zmm\z 
^<teZNmm&m>&mg.m&nzn?t. sus3i 

[0030] mmw4 20 

HMJllXb/fc/^O. 8mmOSUS3 04S4l5 0 
mmx l 5 OmmCD+MXK^ttiU ^cDMStc^Fltt 
<fcD 1 0 0 # m©JS3>.©T i ^K^^bfc. 
yi'Xinifc.fcO, $kffi&m*>ft\Z-t%ti:b\Z, J»# 
tt£fT&ofc. ■?-©&, N, : NH, : CO,= 1 : 1 : 

o. 0 7oasswtsgigTT?, Tits^nts 

USfi*4 9 0tT5WlIlji»l,T, *BIC^bJ8l£jg 

mmgktiLmt 17 u mTibofc. 30 

[0 0 3 1] &mM5 
JEMflOXL 0. 9mmOSUS3 0 4S*15 0 
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mmx l 5 OmmCD-iH-XIcgjtHU ^XilDXKJ; 0 
$ott£frftr>fc. #V>T?, ^-©^H(c:g|Jfi^J2i^ 
K^Ue>o€?(r«fct) 5 0 jimCl^OC r,&K£jg/£L 
fc. f©«N,#ffi|iTT, crtasn&susss 
1 0 4 O'C-^PmSO&LT. 3?®l£gfbjg|£Jf^U 
tAl/-^S#fc. ■fe/tU-^©^7 i >^#l«» JDX 

S&&te 3 5 wmrabofco 
[0 0 3 2] ttMmi 
JEMiJOXL&0£ lmmfflSUS 3 0 4ffi£ 1 5 0mm 
X 1 5 0mm©-tf-fXK1SfflL&&> 7UXMJHZ&Q 

m-on&nfcv^ tAi/-^*#&. ^^nfc-fe/tk- 

^iCfc^T, SUS«jEMJDXSfflj^*WLT^fc. 
[0 0 3 3] ifc&092 
JE®JOXbfeJP$ ImmOSUS 3 0 4SS1 5 0mm 
X 1 5 OmmOK X\Z®tohfc&. iTVXiniXfcJ; D 
«ott£fT&o&. JOXLfcSUS 3 0 4ffi£ 

4 5 0"CZ)U&'C5mffltiamV. iftSflbT-fcAk-^fc 

&&Shmk\Z5 itm-Cfeofc. 
[0 0 3 4] «Jt0!fl~5. ftSmctfcS8:0iJ143J;tf2 

J^fffiUfc. xo.*> (du Pon 

t) vtmoi-y-iTi-ymzmmL, mm\zi^-^>^ 

5y^i:#i;Th77MDlf l/> (PTFE) <DM 

&fc$:m.mvfz. '&t,ftrz±)w>7)u\zrD\,*Tmwito 

[0 0 3 5] 
[«1] 





fcJ*!®BE (V) 


#14 


gUfeMl 


0. 6 


mm5 OONrfWSte-Cl 5%mtl{&T (0.51V) 


Sfe8M>J2 


0. 6 


iS««5 0 0^fW51«5-Cfca^^ (0.6V) 




0. 6 


JS«i5 o o^raa*g-etta^g?s (0.6V) 




0. 6 


mm s o o«prais*a-ct>a*s* (o.6v) 


EJECTS 


O. 6 


mm 5 o o wmaHE-e t> has* (o. 6v) 




0. 6 


5^fiflilte-C2 0%ttJ^®T (0.48V) I 




O. 6 


5^JH]iIlET?l 0%tttfj<ST (0.64V) 



MUKtiSBE : O. 5 A/ cm 2 



[0 0 3 6] 
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3. ^SSSBfc.ks-fe/W'-^tt, •fgaxhTjg^ 
[BnS©ffi*ftl&!l!] 

[02] *»W<t*-fe/xp— ^©— ^*^f«mS»fifH 
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[03] &&m£z>±rti'—?<Dhv—-?<DM&7jk?%i 

[04] (a) ~ (c) tt. &&mz&Z>±AU-?(D 

[05] *^J:stAi/-^©t)5- -oom^irm 
Bg®r®0T?ab-5. 
[06] &&W£2>-trtU-i?<02 ZfcZM&mTmm 

[07] &%W£2>±A\/- ?<D2 ZfcZM&TsHrmm 10 
8ff®0-?<&-5. 
[08] (a) ~ (c) tt. ^fglJffclcfc-S-fc/^-^OD 



[01] 
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[0 9] (a) ~ (d) tt, 2f£^t«fc^-k/t^-^co 

[010] *Jfi0il2O«g|^C*W-5NJS^^&^t- 
0-C*-5. 

[011] iy&m©#ggK;m:j-SN5B*#^£S-r 
0-^*-5. 
[fl^OtftHJi] 

1 1 mftmmwm 
l 2 a® 

1 3 lEffi 

1. 1 4. 1 5, 2 0, 4 0, 5 0, 6 0 -feA^-^ 
21, 41, 51, 61a, 61b &m,tt'&m 

2 2, 4 2. 5 2. 6 2. 7 2, 9 2 #®Ji 



[0 2] 
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[06] 




„ n-n_jrfui m 

V— -s^^r — — — — — ) 


«», juouCil 

' — ■ — • — . — 

[010] 



N 





V ■ — ^ 

[011] 

























/ 


























'IT 




















V 













^RgTfjJtfcfeK&M-TS 1#3^ ffi^m 
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F^-A(##) 4K044 AA03 AB10 BA02 BA06 BA10 
BA18 BB03 BC02 BC14 CA11 
CA12 CA13 CA18 
5H026 AA06 BB04 CC03 EE02 EE08 
EE 1 1 HHOl 
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